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REMARKS 

The title of the specification has been amended. Claims 1-9 remain in the 

application. 

They are rejected under 35 U.S.C. 102 as anticipated by the publication to 
Militaru (20030059183) which issued as Militaru U.S. 6,658,187 B2 on December 2, 
2003. Presumably claims 1-9 would be rejected under 35 U.S.C. 102 as anticipated by 
U.S. 6,658, 187 B2 (attached). See the Assignment (attached) for the subject application- 
assigned to Alcoa Fujikura Limited. 

Applicants spoke to Examiner Prasad on June 21, 2004 in regards to the 
above and the Examiner agreed to consider a Terminal Disclaimer (attached). With the 
Terminal Disclaimer, Applicant suggests claim 1 and claims directly or indirectly 
dependent thereon might be allowable. 

SPECIFICATION 

The title has been amended to be more descriptive. Any suggestions by the 
Examiner in this regard would be appreciated. 

CLAIM REJECTIONS UNDER 35 U.S.C. 102 

Claims 1-2 and 4-7 are rejected as anticipated by Militaru (Publication 
2003/0059183 Al). Applicant has attached the patent which issued based on the 
publication, that is U.S. 6,658, 187 B2. This patent provides an issue date and thus an 
expiration date. Applicants have also attached a Terminal Disclaimer re this U.S. Patent. 
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While applicant submits that neither the Publication or Patent specifically teach an 

important element of claim 1 : 

". . .wherein the cross-sectional area of the first plurality of optical fibers is 
less than 60 percent of the cross-sectional inside area of the first core tube 
and wherein the length of each optical fiber in the first plurality of optical 
fibers is between 1.0 and 1.001 times the length of the first core tube."; 

in an effort to expedite prosecution, applicant has submitted the Terminal Disclaimer in 

an attempt to obviate the above rejection and provide allowable claims 1-2 and 4-7. 

Also, Militaru provides 4 figures which are just end views of optical cables 

and may not be in scale, none of them seem to be preferred and none of them specifically 

point out, anticipate or make obvious applicant's claim 1. The Examiner appears to be 

relying on drawings to teach one skilled in the art the specific advance discovered by 

applicants. Case law dictates that in proceeding from the prior art to the invention claims, 

one cannot base obviousness of what a person skilled in the art might try, or find obvious 

to try, but must consider what the prior art would have led a person to do, as stated in In 

re Tomlinson, Hall and Geigle , 150 U.S.P.Q. 623,626 (C.C.P.A. 1966): 

Our reply to this view is simply that it begs the question; which is 
obviousness under section 103 of compositions and methods , not of the 
direction to be taken in making efforts or attempts . Slight reflection 
suggests, we think that there is usually an element of 'obviousness to try 5 in 
any research endeavor, that it is not undertaken with complete blindness but 
rather with some semblance of a change of success, and that patentability 
determinations based on that as a test would not only be marked 
deterioration of the entire patent systems as an incentive to invest I those 
efforts and attempts which go by the name of 'research 5 . 
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And also affirmed in The Gilette Co. v. S.C. Johnson and Son. Inc.. 16 U.S.P.Q. 2d 1923, 
1928 (Fed. Cir. 1990). Applicants provide a flexible cable which is equally bendable in 
all directions as described in paragraph [0030] whereas Militant teaches rigid central 
interstitial members (22) in FIG. 1 of Militaru. 

CLAIM REJECTION UNDER 35 U.S.C. 103 
Claim 3 is rejected as unpatentable over the Militaru Publication and claims 
8-9 are rejected as unpatentable over the Militaru Publication in view of Blew et al. '081. 
In view of the submission of the corresponding Militaru Patent '187 with a December 2, 
2003 issue date and the Terminal Disclaimer; if claims 1 and 6 are allowable (claim 3 
depends on claim 1 and claims 8-9 depend on claim 6), then the 35 U.S.C. 103 rejection 
may be obviated. 

The same arguments set forth previously under the 35 U.S.C. 102 rejection. 
This is especially true regarding amended claim 3. Blew et al. '08 1 does not supply what 
Militaru lack to make claim 1 obvious. Again, strength Members (22 in the Figures of 
Blew et al.) are used to stiffen the cable. It seems that both Militaru and Blew et al. are 
teaching away from the flexibility of applicant's cables. Applicants respectfully submit 
that neither Militaru nor Blew et al. taken either alone or in combination make obvious 
the invention of any of applicants' claims 1-9. 

Applicant notes Newton et al., McAlpine et al., Parris et al, Wagman et al., 
and Conrad et al., considered but not cited against the claims. None are seen as 
equivalent teachings of Militaru. 
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SUMMARY 

In view of the foregoing arguments, submission of Militaru Patent, with a 
December 2, 2003 issue date, and Terminal Disclaimer with Associate Power of 
Attorney, applicant respectfully submits that all pending claims, claims 1-9 are in 
condition for allowance; and applicant respectfully requests reconsideration and 
allowance of those claims. 

Respectfully submitted, 
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Daniel P. Cillo, Esq. 
Attorney for Applicants 
Reg. No. 25108 
Tele. No. 724-337-2778 
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ASSIGNMENT 

In consideration of One Dollar ($1.00), and other good, and valuable considerations, the 
receipt of which is hereby acknowledged, and intending to be legally bound hereby, we, Karthik C. 
Krishnamurthy, Joseph A. Cignarale, and Michael H. Turenne; of Greenville, in the County of 
Greenville; Greer, in the County of Greenville; Campobello, in the County of Spartanburg; all of the 
State of South Carolina, respectively 

Hereby sell, assign and transfer to Alcoa Fujikura Limited, a corporation of the State of 
Delaware, having a place of business at Franklin, in the County of Williamson, and State of Tennessee, 
. its successors, assigns, and legal representatives, our entire right, title and interest, for all countries, in 
and to any and all improvements which are disclosed and claimed, and any and all improvements 
which are disclosed but not claimed, in the application for United States Patent, Serial No. 10/601,403, 
FUed June 23, 2003, entitled "Fiber Optic Cable" (Atty. Docket No. 03-0224) and in and to said 
application and all divisional, continuing, substitute, renewal, reissue, and all other applications for 
Letters Patent which have been or shall be filed on any of said improvements disclosed in said 
application; and in and to all original and reissued patents which have been or shall be issued on said 
improvements; 

Authorize and request my attorney to insert above the filing date and application number 
when they become known; 

Authorize and request the Commissioner of Patents and Trademarks to issue to said 
Assignee, Alcoa Fujikura Limited, its successors, assigns and legal representatives, in accordance with 
this assignment, any and all United States Letters Patent on said improvements, or any of them 
disclosed in said application; 

Agree that, when requested, without charge to but at the expense of said Assignee, its 
successors, assigns and legal representatives, to carry out in good faith the intent and purpose of this 
assignment, we will, for all countries execute all divisional, continuing, substitute, renewal, reissue, 
and all other patent applications on any and all said improvements; execute all rightful oaths and other 
papers; communicate to said Assignee, its successors, assigns, and representatives, all facts known to 
us relating to said improvements and the history thereof; testify in all legal proceedings; and generally 
do everything possible which said Assignee, its successors, assigns or representatives shall consider 
desirable for aiding in securing, maintaining and enforcing proper patent protection for said 
improvements, and for vesting title to said improvements and all applications for patents and all 
patents on said improvements, in said Assignee, its successors, assigns and legal representatives. 
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Covenant with said Assignee, its successors, assigns and legal representatives that we 
have made to others no assignment, grant, mortgage, license or other agreement affecting the rights 
and property herein conveyed, and that we have full right to convey the same as herein expressed. 



Karthik C. Krishnamurthy ' Date 





Joseph A. Cignarale Date 

Jul/ l?<x>3 

Michael H. Turenne 




State of South Carolina ) 
County of J/**"*** f' 

Before me this Z. day of O^^-y , 2003 personally appeared 

Karthik C. Krishnamurthy, to me personally known to'be the person who is described in and who 
executed the above instrument, and he acknowledged to me that he executed the same of his own free 
will for the purposes therein set forth. 




MyCk)mmlsston&pires 
August 13, 2007 
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State of South Carolina ) 

County of T' 

Before me this 9 * day of \J*£/v// , 2003 personally appeared 

Joseph A. Cignarale, to me personally known to be the/person who is described in and who executed 
the above instrument, and he acknowledged to me that he executed the same of his own free will for 
the purposes therein set forth. 




Notary Pj 



State of South Carolina 



County of ^If/f^lS 



Before me this 



) 

)SS. 

) 



dav of i)6c£ 



, 2003 personally appeared 

Michael H. Turenne, to me personally known to be the pefson who is described in and who executed 
the above instrument, and he acknowledged to me that he executed the same of his own free will for 
the purposes therein set forth. 



•ersor 



Notary^blic 
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ABSTRACT 



Fiber optic conduits are received around a central axis with 
their axes extending in the same direction as the central axis 
and with each fiber optic conduit tangent to two other liber 
optic conduits. The fiber optic conduits define a central 
interstitial space therebetween and a plurality of outer inter- 
stitial spaces between each pair of fiber optic conduits on a 
side thereof opposite the central interstitial space. A central 
interstitial member is received in the central interstitial space 
tangent to the fiber optic conduits and an outer interstitial 
member is received in each outer interstitial space tangent to 
the pair of fiber optic conduits defining the outer interstitial 
space. The central interstitial member has a larger modulus 
of elasticity than each outer interstitial member. 

23 Claims, 4 Drawing Sheets 
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OPTICAL FIBER CABLE ASSEMBLY WITH of the inner and outerjackcts, the overall linear weight of the 

INTERSTITIAL SUPPORT MEMBERS cable assembly or the overall cost of the cable assembly. 

It is, therefore, an object of the present invention to 

CROSS REFERENCE TO RELATED overcome the above problems and others by providing an 

APPLICATIONS s improved optical fiber cable assembly haviug an improved 

This application is a continuation-in-part of U.S. patent geometric design with improved mechanical performance 

application Ser. No. 10/093,212, filed Mar. 7, 2002, which is over prior art fiber optxc cable assemblies. This improved 

a continuation-in-part of U.S. patent application Ser. No. geometric design enables the same number of optical libers 

10/052,807, filed Jan. 23, 2002, which claims the benefit of t0 be received m an optical fiber cable assembly having a 

U.S. Provisional Patent Application Ser. No. 60/264,549, 10 smaller diameter than prior art optical fiber cable assemblies 

filed Jan 26 2001. while maintaining an acceptable degree of mechamcal load- 
ing capacity, e.g., self loading and weather related mechani- 

BACKGROUND OF THE INVENTION cal loading, commensurate with its smaller outside diameter 

and lower linear weight Still other objects will become 

1. Field of the Invention 15 apparent t0 ^ os& Q f ordinary skill in the art upon reading and 
The present invention relates to optical fiber cables and, understanding the following detailed description. 

more particularly, to an improved geometrical arrangement 

and selection of elements forming an optical fiber cable that SUMMARY OF TOE INVENTION 

decreases the diameter, linear weight and cost of the optical .-mi. i_i 

GU . , .-I 4- iu . ~ , ™„ ,™,.k«„;™i on Accordingly, I have invented an optical fiber cable assem- 

fiber cable while, at the same time, improving its mechanical 20 , , , . b ; J \ . _ r , . . t . 

oerfc rmance ^ includes an optical core having a plurality ol 

". elongated, hollow buffer tubes, a plurality of elongated outer 

2. Description ot Related Art interstitial members and an elongated central interstitial 
One type of prior art optical fiber cable assembly includes member. The plurality of buffer tubes is arranged with their 

an optical core surrounded by one or more jackets. The axes extending in the same direction. When viewed from an 

optical core includes a plurality, e.g., six, buffer tubes " ead of the optical fi ber caole assembly, the axis of each 

surrounding a central member. Each buffer tube has a wall buffer tube is positioned at a comer of an imaginary triangle 

that encloses a plurality of optical fibers. The wall of each or an imaginary square. The plurality of buffer" tubes is 

buffer tube is preferably formed from a synthetic thermo- arranged with each buffer tube tangent to two other buffer 

plastic compound, such as polybutylene-terephthalate tubes whereupon each pair of adjacent buffer tubes define an 

(PBT), or polyester, such as nylon, or polyolefin, such as outer interstitial space therebetween. Each outer interstitial 

polyethylene. The central member is formed from a fiber member is received in one of the outer interstitial spaces 

reinforced plastic (FRP) rod formed from silica fibers tangent to the two buffer tubes defining the outer interstitial 

encased in plastic coating. space. The axis of each outer interstitial member extends in 

The FRP rod forming the central member has a silica 35 the same direction as the axes of the buffer tubes .The central 

content between 70% and 85% and a plastic content between " interstitial member is received in a central interstitial space 

30% and 15%. Because of the percentage of silica, the FRP formed between the plurality of buffer tubes. The central 

rod is relatively rigid and has a relatively high modulus of interstitial member is positioned tangent to the plurality of 

elasticity, e.g., 50,300 N/mm 2 ±l0%. buffer tubes with an axis of the central interstitial member 

As discussed above, the optical core is surrounded by a 40 extending in the same direction as the axes of the buffer 

plurality of jackets. In an embodiment designed for aerial tubes. The central interstitial member and the outer intersti- 

installations, the optical core is surrounded by an inner tial members have different moduli of elasticity, with the 

jacket formed from polyolefin, such as polyethylene, or central interstitial member having a larger modulus of elas- 

polyester, such as nylon, an intermediate, strength layer ticity than the modulus of elasticity of each outer interstitial 

formed from an Aram id yarn or other strength member, such 45 member. 

as fiber glass, and an outer jacket, also formed from poly- i n one exemplar)' embodiment, of an optical fiber cable 

olefin such as polyethylene, or polyester, such as nylon. The assembly, the central interstitial member is a fiber reinforced 

optical fiber cable assembly may also include a Mylar tape plastic (FRP) rod having silica fibers encased in a plastic 

and/or polyester binder disposed between the optical core coating, with a silica content between 70% and 85% by 

and/or the inner jacket and between the strength layer and 50 volume. It has been observed that FRPs having a higher 

the outer jacket. In addition, polyester rip cords can be percentage of silica fibers have a greater modulus of elas- 

included between the inner jacket and the Mylar tape ticity. In this exemplary embodiment, the FRP rod used as 

adjacent the optical core and/or between the outer jacket and the central interstitial member has a modulus of elasticity of 

the Mylar tape adjacent the strength layer. 50,300 N/mm 2 ±10%. Moreover, in this exemplary 

Optical fiber cable assemblies designed for duct or 55 embodiment, each outer interstitial member is also a FRP 

premise applications are substantially the same as those rod having silica fibers encased in a plastic coating, with a 

designed for aerial installations except that the outer jacket silica content between 50% and 70% by volume and with a 

and strength layer can be omitted whereupon the inner jacket modulus of elasticity of 37,700 N/mm 2 ±10%. 

becomes the outer jacket. The lower modulus of elasticity of the outer interstitial 

Problems widi the prior art design of optical fiber cable 60 members make thein less rigid than the central interstitial 

assemblies include the inability to reduce the diameter of the member and enables them to be spiral wound around the 

optical core or reduce the number of Aramid yarns forming central interstitial member, together with the buffer tubes, 

the strength layer surrounding the optical core while main- The central interstitial member having a higher modulus of 

taining an acceptable degree of mechanical loading capacity elasticity is not easily spiral wound. In an exemplary 

of the cable assembly. Because of these inabilities, no 65 embodiment, the outer interstitial members and buffer tubes 

reductions are available in the overall diameter of the optical are wound spirally at a winding pitch between 8 and 20 

liber cable assembly, the circumferences and, hence, weights times a diameter of the optical core. For aerial applications, 
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the outer interstitial members and buffer tubes are preferably 
wound spirally at a winding pitch between 8 and 16 times 
the diameter of the optical core. For duct or premise 
applications, the outer interstitial members and buffer tubes 
are preferably wound spirally at a winding pitch between 10 
and 20 times the diameter of the optical core. 

The optical fiber cable assembly can also include a Mylar 
tape and/or a polyester binder disposed helically around the 
optical core tangeut to the buffer tubes and outer interstitial 
members. An elongated polyester rip cord can be disposed 
on a side of the Mylar tape and/or polyester binder opposite 
the optical core. The longitudinal axis of the rip cord extends 
in the same direction, e.g. parallel, as the axes of the buffer 
tubes. 

For optical fiber cable assemblies designed for duct or 
premise applications, a jacket comprised of, for example, 
polyolefin such as polyethylene, or polyester, such as nylon, 
surrounds the optical core. For optical fiber cable assemblies 
designed for aerial applications, an inner jacket comprised 
of, for example, a polyolefin, such as polyethylene, or 
polyester, such as nylon, surrounds the optical core, a 
strength layer comprised of, for example, Aramid or fiber 
glass yarn surrounds the inner jacket and a outer jacket 
comprised of, for example, a polyolefin, such as 
polyethylene, or polyester, such as nylon, surrounds the 
strength layer. In this latter assembly, a Mylar tape and/or a 
polyester binder can be disposed between the strength layer 
and the outer jacket. An elongated polyester rip cord can also 
be disposed between the outer jacket and the Mylar tape 
and/or polyester binder disposed adjacent the strength layer. 

I have also invented an optical fiber cable assembly that 
includes a plurality of fiber optic conduits received around 
a longitudinally extending central axis with a longitudinal 
axis of each fiber optic conduit extending in the same 
direction as the central axis and with each fiberoptic conduit 
tangent to two other fiber optic conduits. The plurality of 
fiber optic conduits define a central interstitial space ther- 
ebetween and define a plurality of outer interstitial spaces 
between each pair of fiber optic conduits on a side thereof 
opposite the central interstitial space. A plurality of elon- 
gated outer interstitial members is received around the 
central axis with their longitudinal axes extending in the 
same direction as the central axis. Each outer interstitial 
space receives one of the outer interstitial members tangent 
to the pair of optical fiber conduits defining the outer 
interstitial space. A central interstitial member is received in 
the central interstitial space tangent to the fiber optic con- 
duits and with an axis of the central interstitial member 
coaxial with the central axis. The central interstitial member 
has a larger modulus of elasticity than each outer interstitial 
member. 

The outer interstitial members and the fiber optic conduits 
can be wound spirally around the central interstitial member. 
When viewed from an end of the optical fiber cable 
assembly, the longitudinal axis of each fiber optic conduit is 
positioned at a corner of an imaginary triangle or an imagi- 
nary square. 

The optical liber cable assembly includes a first jacket 
surrounding the buffer tubes and outer interstitial members. 
The optical fiber cable assembly can also include a second 
jacket surrounding the first jacket. Mylar tape and/or poly- 
ester binder can be disposed (i) inside the inner jacket 
around the buffer tubes and outer interstitial members and/or 
(ii) between the first and second jackets. An elongated 
polyester rip cord can be disposed between the (i) first jacket 
and the Mylar tape and/or polyester binder adjacent the 
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buffer tubes and outer interstitial members and/or (ii) 
between the first and second jackets. The rip cord has a 
longitudinal axis that extends ill the same direction as the 
axis of the optical fiber tubes. 
5 The first and second jackets are protective covers. The 
optical fiber cable assembly can further include a strength 
layer, preferably formed from Aramid or fiber glass yam, 
disposed between the first and second outer jackets. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-4 are end views of optical fiber cable assemblies 
in accordance with various embodiments of the present 
invention. 

15 DETAIIJED DESCRIPTION OF THE 

INVENTION 

The present invention will be described with reference to 
the accompanying like reference numbers correspond to like 
20 elements. 

With reference to FIG. 1, a first embodiment optical fiber 
cable assembly 2 designed for aerial applications includes an 
optical core 4 surrounded by an inner jacket 6, a strength 
layer 8 and an outer jacket 10. Optical core 4 includes three 

25 hollow, elongated and cylindrical buffer tubes 12 arranged 
with their axes 14 extending in the same direction. When 
viewed from an end of optical core 4, the axis of each buffer 
tube 12 is positioned at a corner of an imaginary triangle 16 
with the outside diameter of each buffer tube 12 tangent to 

30 the two other buffer tubes 12. 

Buffer tubes .12 define therebetween a first, central inter- 
stitial space 18 and a plurality of second, outer interstitial 
spaces 20. More specifically, each pair of adjacent buffer 
tubes 12 define therebetween on a side thereof opposite first, 

35 central interstitial space 18 one of the second, outer inter- 
stitial spaces 20. 

A central, elongated outer interstitial member 22 is 
received in first, central iuterstitial space 18 tangent to buffer 
tubes 12. Central interstitial member 22 has an axis 24 
positioned substantially coaxial with a central axis 26 of 
optical liber cable assembly 2. An outer interstitial member 
28 is received in each second, outer interstitial space 20 
tangent to the buffer tubes 12 defining the second, outer 
interstitial space 20. Each outer interstitial member 28 has an 
axis 30 that extends in the same direction as axes 14 of buffer 
tubes 12. 

Central interstitial member 22 is a rigid, fiber reinforced 
plastic (FRP) rod having silica fibers encased in a plastic 

50 coating. An exemplary FRP rod used as a central interstitial 
member 22 has a silica fiber content between 70% and 85% 
by volume and a plastic content between 30% and 15% by 
volume. It has been observed that FRP rods having a higher 
silica fiber content have a greater rigidity and, hence, a 

55 greater modulus of elasticity. An exemplary FRP rod used as 
a central interstitial member 22 has a modulus of elasticity 
of 50,300 N/mm 2 ±10%. 

Each outer interstitial member 28 is also an FRP rod. 
However, since, during assembly of optical fiber cable 

60 assembly 2, outer interstitial members 28 and buffer tubes 12 
are wound spirally around central interstitial member 22, 
each outer interstitial member 28 is less rigid than central 
interstitial member 22. In other words, each outer interstitial 
member 28 is semi-rigid. 

65 In order for each outer interstitial member 28 to be less 
rigid than central interstitial ember 22, the FRP rod forming 
each outer interstitial member 28 has a lower silica fiber 
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content than central interstitial member 22. An exemplary 
FRP rod used as an outer interstitial member 28 has a silica 
fiber content between 50% and 70%, a plastic content 
between 50% and 30% and a modulus of elasticity of 37,700 
N/mm 2 ±10%. 5 

It is to be appreciated, that the foregoing percentages of 
silica fiber and plastic content and moduli of elasticity for 
central interstitial member 22 and outer interstitial members 
28 are only for the purpose of illustration and arc not to be 
construed as limiting the invention. 1° 

As discussed above, outer interstitial members 28 and 
buffer tubes 12 are would spirally around central interstitial 
member 22. An exemplary optical fiber cable assembly 2 has 
its outer interstitial members 22 and buffer tubes 12 wound 
spirally at a winding pilch between 8 and 20 times the 15 
diameter of optical core 4. For aerial applications, outer 
interstitial members 28 and buffer tubes 12 are wound 
spirally at a winding pitch between 8 and 16 times the 
diameter of optical core 4. For duct applications, outer 
interstitial members 28 and buffer tubes 12 arc wound 20 
spirally at a winding pitch between 10 and 20 times the 
inside diameter of optical core 4. 

A layer 34 of Mylar tape and/or polyester binder can be 
disposed, e.g., helically wound, around butler tubes 12 and 
outer interstitial members 28 inside inner jacket 6. An 
elongated rip cord 36, preferably formed of a polyester, can 
be disposed between inner jacket 6 and layer 34. Another 
layer 38 of Mylar tape and/or polyester binder can also be 
disposed between strength layer 8 and outer jacket 10. An 
elongated rip cord 40, also preferably formed of polyester, 
can be disposed between layer 38 and outer jacket 10. The 
polyester binder which can be utilized to form layer 34 
and/or layer 38 is preferably configured to block the passage 
of moisture, e.g., water, therethrough and into optical core 4. ^ 

Rip cords 36 and 40 have their longitudinal axes extend- 
ing in the same direction as the longitudinal axes of buffer 
tubes 12. When pulled radially away from central interstitial 
member 22, rip cord 40 tears outer jacket 10 longitudinally. 
This tearing enables select portions of outer jacket 10 to be 40 
removed by the subsequent trimming thereof without dam- 
aging strength layer 8 or inner jacket 6. Similarly, when 
pulled radially away from central interstitial member 22, rip 
cord 36 tears inner jacket 6 longitudinally whereupon inner 
jacket 6 can be removed by selective trimming thereof 4 - 
without damaging layer 34. 

Each buffer tube 12 is formed from a synthetic thermo- 
plastic compound, such as polybutylene-terephthaiate 
(PBT), or polyester, such as nylon, or polyolefin, such as 
polyethylene. In an exemplary optical liber cable assembly, 50 
each buffer tube 12 has an inside diameter of 2.7 mm and an 
outside diameter of 3.55 mm. The 2.7 mm inside diameter 
enables each buffer tube 12 to receive up to twenty-four 
optical fibers 42. Inner jacket 6 aud outer jacket 10 are 
formed from polyolefin, such as polyethylene, or polyester, 55 
such as nylon. 

Strength layer 8 is formed from a strength material, such 
as woven Aramid or fiber glass yarn. In an exemplary 
embodiment, strength layer 8 is formed from 70 to 120 ends 
of Aramid yarn, with each end of Aramid yarn having 60 
between 1,000 and 4,000 Aramid filaments, a breaking 
strength between 290 and 1,800 N and a modulus of 
elasticity of 100,000 N/mm 2 +20% or -10%. 

In the exemplary optical fiber cable assembly where each 
buffer tube 12 has an inside diameter of 2.7 mm and an 65 
outside diameter of 3.55 mm, central interstitial member 22 
has a diameter of 0.55 mm, each outer interstitial member 28 



has a diameter of 1.71 mm, inner jacket 6 has a thickness 
between 0.25 aud 1.4 mm and outer jacket 10 has a thickness 
between 0.4 and 1.8 mm. 

It is to be appreciated that the above described materials 
and dimensions of the various elements of the exemplary 
optical fiber cable assembly are for the purpose of illustra- 
tion and are not to be construed as limiting the invention. 

With reference to FIG. 2 and with continuing reference to 
FIG. 1, a second embodiment optical fiber cable assembly 
52 designed for application in ducts, premises, conduits, 
raceways, and the like (hereinafter "duct applications"), has 
the same configuration of optical core 4 as optical fiber cable 
assembly 2. However, since optical fiber cable assembly 52 
is designed for duct applications, outer jacket 10, layer 38 
and strength layer 8 in optical fiber cable assembly 2 can be 
omitted in optical fiber cable assembly 52 whereupon inner 
jacket 6 becomes the outer jacket. Other than these 
omissions, optical fiber cable assembly 52 can be the same 
as optical fiber cable assembly 2. 

With reference to FIG. 3, and with continuing reference to 
FIG. 1, a third embodiment optical fiber cable assembly 62 
has an optical core 64 that is surrounded by inner jacket 6, 
strength layer 8, outer jacket 10 and layers 34 aud 38 of 
Mylar tape and/or polyester binder in the manner described 
above in connection with optical fiber cable assembly 2. 
Optical core 64, however, has four buffer tubes 12 arranged 
with their axes extending in the same direction. When 
viewed from an end of optical core 64, the axis 14 of each 
buffer tube 12 is positioned at a corner of an imaginary 
square 66, with the outside diameter of each buffer tube 12 
tangent to two other buffer tubes 12. 

In optical core 64. buffer tubes 12 define therebetween a 
first, central interstitial space 68 and a plurality of second, 
outer interstitial spaces 70. More specifically, in optical core 
64, each pair of adjacent buffer tubes 12 define therebetween 
on a side thereof opposite first, central interstitial space 68 
one of the second, outer interstitial spaces 70, 

A central, elongated outer interstitial member 72 is 
received in first, central interstitial space 68 tangent to buffer 
tubes 12 and with an axis 74 of central interstitial member 
72 positioned substantially coaxial with a central axis 76 of 
optical fiber cable assembly 62. An outer interstitial member 
78 is received in each second outer interstitial space 70 
tangent to the pair of buffer tubes 12 define the second, outer 
interstitial space 70. Hach outer interstitial member 78 has an 
axis 80 that extends in the same direction as the axes 14 of 
buffer tubes 12. 

Like central interstitial member 22, central interstitial 
member 72 is a. rigid FRP rod having a relatively high 
modulus of elasticity, e.g., 50,300 N/mm 2 ±10%. In order to 
realize this rigidity and relatively high modulus of elasticity, 
central interstitial member 72 has a silica fiber content 
between. 70% and 85% by volume and a plastic content 
between 30% and 15% by volume. 

Similarly, like outer interstitial members 28, each outer 
interstitial member 78 is a semi-rigid FRP rod having a 
lower modulus of elasticity, e.g., 37,700 N/mra 2 ±J.0%, than 
the modulus of elasticity of central interstitial member 72. In 
order to realize this lower rigidity and modulus of elasticity, 
each outer interstitial member 78 has a lower silica fiber 
content than central interstitial member 72. An exemplary 
fiber reinforced plastic rod used as an outer interstitial 
member 78 has a silica fiber content between 50% and 70% 
by volume and a plastic content between 50% and 30% by 
volume. 

It is to be appreciated that the foregoing percentages of 
silica fiber and plastic content and moduli of elasticity for 
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central interstitial member 72 and outer interstitial members 
78 are for the purpose of illustration and are not to be 
construed as limitiug the invention. 

During assembly of optical fiber cable assembly 62, outer 
interstitial members 78 and buffer tubes 12 are wound 5 
spirally around central interstitial member 72 at a winding 
pitch between 8 and 20 times the diameter of optical core 64. 
For aerial applications, the winding pitch is between 8 and 
16 times the diameter of optical core 64. For duct 
applications, the winding pitch is between 10 and 20 times J0 
the diameter of an optical core 64. 

In an exemplary optical fiber cable assembly 62, each 
buffer tube 12 has an inside diameter of 2.7 mm and an 
outside diameter of 3.55 mm. This inside diameter enables 
each buffer tube 12 to receive up to twenty-four optical 15 
fibers 42. In this exemplary optical fiber cable assembly 62, 
central interstitial members 72 and each outer interstitial 
member 78 have a diameter of 1.5 mm. Since jackets 6 and 
10, strength layer 8, layers 34 and 38, and rip cords 36 and 
40 are the same as described above in connection with FIG. 20 
1, no description of their construction or physical dimen- 
sions will be in connection with FIG. 3 to avoid redundancy. 

It is to be appreciated that the above described materials 
and dimensions of optical fiber cable assembly 62 are for the n5 
purpose of illustration and are not to be construed as limiting 
the invention. 

With reference to FIG. 4, and with continuing reference to 
FIG. 3, a fourth embodiment optical fiber cable assembly 92 
is substantially the same as optical fiber cable assembly 62. 30 
However, since optical fiber cable assembly 92 is designed 
for duct applications, outer jacket 10, layer 38 and strength 
layer 8 in optical fiber cable assembly 62 can be omitted in 
optical fiber cable assembly 92 whereupon inner jacket 6 
becomes the outer jacket. Other than these omissions, opti- 35 
cal fiber cable assembly 92 can be the same as optical fiber 
cable assembly 62. 

The various embodiments of the present invention enable 
the same number of optical fibers to be received in a smaller 
diameter cable assembly than the prior art optical fiber cable 40 
assemblies while maintaining an acceptable degree of 
mechanical loading capacity commensurate with its smaller 
outside diameter and lower linear weight. More specifically, 
when compared to prior art optical fiber cable assemblies, 
the present invention enables a reduction of 2 to 2 X A times 45 
the diameter of the central interstitial member, a reduction of 
12% to 15% of the diameter of the optical core, a reduction 
of 5% to 10% in the circumferences, thicknesses and 
weights of the various jackets, a reduction of 3 to 8 Araraid 
or fiber glass yarn ends and a reduction of 10% to 15% of 50 
the overall cost of the cable assembly, while at the same 
time, increasing the tensile strength and modulus of elastic- 
ity of the overall cable assembly. Because of these 
advantages, especially the reduction in the overall linear 
weight of the cable assembly, smaller, lighter and less 55 
expensive mounting hardware can be utilized to install the 
optical fiber cable assemblies of the present invention. 

The invention has been described with reference to the 
preferred embodiments. Obvious modifications and alter- 
ations will occur to others upon reading and understanding 60 
the preceding detailed description. For example, for duct 
applications, central interstitial member can be formed from 
a bundle of Aramid or fiber glass yarn ends either alone or 
encased in a plastic coating. It is intended that the invention 
be construed as including all such modifications and alter- 65 
ations insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
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The invention claimed is: 

1. An optical fiber cable assembly comprising: 

an optical core including a plurality of elongated, hollow 
buffer tubes, a plurality of elongated outer interstitial 
members and an elongated central interstitial member; 

the plurality of buffer tubes arranged with their axes 
extending in the same direction with each buffer tube 
tangent to two other buffer tubes and svith each pair of 
adjacent buffer tubes defining an outer interstitial space 
therebetween, the axis of each buffer tube positioned at 
a corner of one of (i) an imaginary triangle and (ii) an 
imaginary square; 

each outer interstitial member received in one of the outer 
interstitial spaces tangent to the two buffer tubes defin- 
ing the ou ter interstitial space with an axis of each outer 
interstitial member extending in the same direction as 
the axes of the buffer tubes; and 

the central interstitial member received in a central inter- 
stitial space formed between the plurality of buffer 
tubes, the central interstitial member positioned tangent 
to the plurality of buffer tubes with an axis of the 
central interstitial member extending in the same direc- 
tion as the axes of the buffer tubes, wherein the central 
interstitial member and the outer interstitial members 
have different moduli of elasticity. 

2. The optical fiber cable assembly as set forth in claim 1, 
wherein the central interstitial member has a modulus of 
elasticity that is larger than a modulus of elasticity of each 
outer interstitial member. 

3. The optical fiber cable assembly as set forth in claim 2, 
wherein the central interstitial member has a modulus of 
elasticity of 50,300 N/mm 2 ±10%. 

4. Hie optical fiber cable assembly as set forth in claim 3, 
wherein the central interstitial member is a fiber reinforced 
plastic rod having a silica fiber content between 70% and 
85% by volume. 

5. The optical fiber cable assembly as set forth in claim 2, 
wherein each outer interstitial member has a modulus of 
elasticity of 37,700 N/mm 2 ±10%. 

6. The optical fiber cable assembly as set forth in claim 5, 
wherein each outer interstitial member is a fiber reinforced 
plastic rod having a silica fiber content between 50% and 
70%. 

7. The optical fiber cable assembly as set forth in claim 2, 
wherein the outer interstitial members and buffer tubes are 
wound spirally around the central interstitial member. 

8. The optical fiber cable assembly as set forth in claim 7, 
wherein the outer interstitial members and buffer tubes are 
wound spirally at a winding pitch between 8 and 20 times a 
diameter of the optical core. 

9. The optical fiber cable assembly as set forth in claim 8, 
wherein the outer interstitial members and buffer tubes are 
wound spirally at a winding pitch between 8 and 16 times 
the diameter of the optical core for aerial applications and 
between 10 and 20 times the diameter of the optical core for 
duct applications. 

10. The optical fiber cable assembly as set forth in claim 
1, further including at least one of (i) a Mylar tape and (ii) 
a polyester binder disposed around the optical core tangent 
to the buffer tubes and outer interstitial members. 

11. The optical fiber cable assembly as set forth in claim 
10, further including an elongated rip cord disposed on a 
side of the Mylar tape and/or polyester binder opposite the 
optical core, the rip cord having a longitudinal axis extend- 
ing in the same direction as the axes of the buffer tubes. 

12. The optical fiber cable assembly as set forth in claim 
10, further including a jacket comprised of polyolefin or 
polyester surrounding the Mylar tape and/or polyester 
binder. 
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13. The optical liber cable assembly as set forth in claim 
1, further including: 

an inner jacket comprised of polyolefin or polyester 

surrounding the optical core; 
a strength layer comprised of Aramid or fiber glass yarn 

surrounding the first jacket; and 
an outer jacket comprised of polyolefin or polyester 

surrounding the strength layer. 

14. The optical fiber cable assembly as set forth in claim 

13, further including at least one of (i) a Mylar tape and (ii) 
a polyester binder disposed between the strength layer and 
the outer jacket. 

15. The optical fiber cable assembly as set forth in claim 

14, further including an elongated rip cord disposed between 
the outer jacket and the Mylar tape and/or polyester binder, 
the rip cord having a longitudinal axis extending in the same 
direction as the axes of the buffer tubes. 

16. An optical fiber cable assembly comprising: 

a plurality of elongated fiber optic conduits received 
around a longitudinally extending central axis with a 
longitudinal axis of each fiber optic conduit extending 
in the same direction as the central axis and with each 
fiber optic conduit tangent to two other fiber optic 
conduits, the plurality of fiber optic conduits defining a 
central interstitial space therebetween and defining a 
plurality of outer interstitial spaces between each pair 
of fiber optic conduits on a side thereof opposite the 
central interstitial space; 

a plurality of elongated outer interstitial members 
received around the central axis with their longitudinal 
axes extending in the same direction as the central axis, 
each outer interstitial space receiving one of the outer 
interstitial members tangent to the pair of fiber optic 
conduits defining the outer interstitial space; and 

a central interstitial member received in the central inter- 
stitial space tangent to the fiber optic conduits and with 
an axis of the central interstitial member coaxial with 
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the central axis, wherein the central interstitial member 
has a larger modulus of elasticity than each outer 
interstitial member. 
.1.7. The optical fiber cable assembly as set forth in claim 
5 16, wherein the outer interstitial members and the fiber optic 
conduits are wound spirally around the central interstitial 
member. 

18. The optical fiber cable assembly as set forth in claim 
16, wherein, when viewed from an end of the optical fiber 

10 cable assembly, the longitudinal axis of each fiber optic 
conduit is positioned at one corner of one of (i) an imaginary 
triangle and (ii) an imaginary square. 

19. The optical fiber cable assembly as set forth in claim 
16, further including at least one jacket surrounding the 

1 5 buffer tubes and outer interstitial members, wherein, when at 
least two jackets surround the buffer tubes and interstitial 
members, the at least two jackets are substantially coaxial. 

20. The optical fiber cable assembly as set forth in claim 

19, further including at least one of a Mylar tape and a 
20 polyester binder disposed at least one of (i) inside the at least 

one jacket and (ii) between the at least two jackets. 

21. The optical fiber cable assembly as set forth in claim 

20, further including an elongated rip cord disposed between 
at least one of (i) the at least one jacket and the at least one 

25 of the Mylar tape and the polyester binder surrounding the 
buffer tubes and outer interstitial members and (ii) between 
the at least two jackets, the rip cord having a longitudinal 
axis extending in the same direction as the axes of the buffer 
tubes. 

30 22. The optical fiber cable assembly as set forth in claim 

21, further including a strength layer disposed between the 
at least two jackets. 

23. The optical fiber cable assembly as set forth in claim 

22, wherein: 

35 the strength layer is an Aramid or fiber glass yarn; and 
each jacket is formed from polyolefin or polyester. 

***** 



